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Abstract. —Goedenia rufipes (Curran) is an oligophagous. nonfrugivorous, fruit fly (Dip-

tera: Tephritidae) producing at least two, probably three, annual generations altogether in

the flower heads of Chrysothamnus teretifolius (Durand and Hilgard) H. M. Hall and
Isocoma acnidenia (E. Greene) E. Greene in southern California. Both of these confirmed

hosts are Asteraceae belonging to the subtribe Solidagininae of the tribe Astereae. The
egg, second- and third-instar larvae, and puparia are described and figured, and selected

characteristics of these stages are compared with those of G. timherlakei (Blanc and
Foote), the only other well-known species of Goedenia. The egg of G. rufipes is the first

pictured for this genus; it bears a prominent pedicel with semicircular to fusiform micro-

pyles. The second instar is white, but the third instar has a dark brown to black venter

on the meso- and metathorax and a similarly darkened caudal segment. The prothorax

and gnathocephalon of the second and third instars are smooth, mostly free of the minute

acanthae that circumscribe most other body segments. Minute acanthae cover the posterior

end of the truncated caudal segment, which also is perforated by scattered, open pores.

The third instar lacks oral ridges. The anterior thoracic spiracle of the second instar bears

three papillae, which are reduced to two papillae in the third instar The life cycle is of

the aggregative type and overwintering occurs in dead flower heads as prepuparial third

instars, as puparia in an open, central cells loosely surrounded by floret fragments and
intact undamaged achenes, and as unmated, sexually immature adults. Eurytoina sp. (Hy-

menoptera: Eurytomidae) and Pteromahis sp. (Hymenoptera: Pteromalidae) are reported

as solitary, larval-pupal endoparasitoids, and Eupelmus sp. (Hymenoptera: Eupelmidae)

as possible solitary endoparasitoids.
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Most indigenous, western North Amer- stages of only one of the eight known spe-

lean Myopitini (Diptera: Tephritidae: Te- cies of Goedenia have been described in

phritinae) formerly assigned to the Pale- detail, i.e., G. timherlakei (Blanc and
arctic genus Urophora Robineau-Desvo- Foote), by Goeden et al. (1995). This pa-

idy were reclassified in the genus Goe- per describes the life history and selected

denia by Freidberg and Norrbom (1999). immature stages of a second species, G.

To date, the life history and immature rufipes (Curran).
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Materials and MriTHons

The present study utili/ed specimens of

adults reared from I -liter samples of mature

flower heads of Chrysot/uiiiiniis teri'n'foliu.s

(Durand and Hilgard) H. M. Hall and Iso-

coiiui (icrddciiid (E. Greene) E. Greene (As-

teraceae) collected throughout southern

California since 1980 (Goeden 1987). The

life history study and description of the im-

mature stages of G. nifipes were based in

large part on dissections of samples of ma-

ture and immature flower heads of /. ncra-

denia collected east of Ocotillo at Coyote

Wells and at 42-m elevation, southwestern

Imperial Co., during 1990-1999. One-liter

samples of excised, immature and mature

flower heads containing the scarce larvae

and purparia were transported in cold-

chests in an air-conditioned vehicle to the

laboratory and stored under refrigeration

for subsequent dissection, photography, de-

scription, and measurement. Ten ova dis-

sected from a gravid female as well as two

second- and 22 third-instar larvae, and nine

puparia dissected from flower heads were

preserved in 70% EtOH for scanning elec-

tron microscopy (SEM). Prepuparia and pu-

paria were placed in separate, glass shell

vials stoppered with absorbant cotton and

held in humidity chambers at room temper-

ature for adult and parasitoid emergence.

Specimens for SEMwere hydrated to dis-

tilled water in a decreasing series of acid-

ulated EtOH. They were osmicated for 24

h, dehydrated through an increasing series

of acidulated EtOH and two, 1-h immer-

sions in hexamethyldisilazane (HMDS),
mounted on stubs, sputter-coated with a

gold-palladium alloy, studied and digitally

photographed with a Philips XL-30 scan-

ning electron microscope in the Institute of

Geophysics and Planetary Physics, Univer-

sity of California, Riverside.

Five arenas each consisting of a clear-

plastic, petri dish were provisioned with a

flattened, water-moistened pad of absorbant

cotton spotted with honey (Headrick and

Goeden 1994). Each arena contained a vir-

gin male and female obtained from emer-

gence cages that were used for observations

of courtship and co|")ulation behavior.

Plant names usetl in this paper follow

Hickman (1993) and Bremer (1994); te-

phritid names and adult terminology follow

Foote et al. (1993). Terminology and tele-

graphic format used to describe the imma-
ture stages follow Goeden (200 la, b, c),

Goeden et al. ( 1993), Goeden and Headrick

(1992), Goeden and Norrbom (2001), Goe-
den and Teerink (1997), Teerink and Goe-

den (1999), and our earlier works cited

therein. Means ± SE are used throughout

this paper. Digitized photographs used to

construct text flgures were processed with

Adobe Photoshop'" Version 6.

Results and Dlscussion

Taxonomy

Adult. —Goedoiia nifipes was described

from Arizona as Aleoiuyid rufipes by Cur-

ran (1932), who shortly thereafter reclassi-

fied it as Euhhia rufipes (Curran 1934, as

cited by Foote et al. 1993). Foote (1965)

assigned it to Urophora, which Steyskal

(1979) adopted in his key to Myopitinae

genera and species of Urophora. Freidberg

and Noiibom (1999) redesignated most of

the indigenous, western North American

species as Goedenia, with A. rufipes Cuiran

as the type species.

The wing was figured by Curran (1934,

as cited by Foote et al. 1993), Steyskal

(1979), and Foote et al. (1993). Freidberg

and Norrbom (1999) provided line draw-

ings of the head in lateral and anterolateral

view and the hypandrium and phallopode-

me in dorsal view.

Immature stages. —The egg, second- and

third-instar larvae, and puparium of G. ru-

fipes are described below.

Egg: Sixteen ova dissected from a 17-

day-old female were white, opaque,

smooth, elongate-ellipsoidal, 0.55 ± 0.008

(range, 0.48-0.60) min long, 0.18 ± 0.005

(range, 0.14-0.20) mmwide, smoothly

rounded at tapered basal end (Fig. lA);
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Fig. L Egg of Goedenia nifipes: (A) habitus, an-

terior to left; (B) pedicel showing pattern and shapes

of aeropyles (probably distorted).

pedicel prominent, 0.03 mmlong, circum-

scribed apically by different-sized, semicir-

cular to fusiform aeropyles arranged singly

or in two rows with their long axes parallel

to the long axis of the egg (Fig. IB).

The ova of G. nifipes on average

equalled in length the ova of G. timberlakei

and were slightly wider, but otherwise

agreed with the description provided by

Goeden et al. (1995). Unfortunately, the

scanning electron micrograph of a possibly

deformed pedicel of G. rufipes (Fig. IB) is

the only view of this structure obtained for

this genus to date. The eggs and first instars

of Goedenia spp. are very small, extremely

difficult to find and probably are available

for only a short period in nature; moreover,

their study is further complicated by the

tendency of these tephritids to co-occur

with other tephritid genera, i.e., Neaspilota,

Procecidochares, Truponea, in flower

heads of the same host ("symphagy", Goe-

den 1997), usually in subordinate numbers,

as reported by Goeden (1987).

Second instar larva: White, cylindrical,

tapered anteriorly, bluntly rounded posteri-

orly (Fig. 2A); gnathocephalon conical

(Fig. 2B), smooth, with few minute acan-

thae ventrally (Fig. 2B- 1 ), lacking oral ridg-

es (rugose pads); dorsal sensory organ well-

defined, round, flattened (Figs. 2B-2, C-1);

anterior sensory lobes (Figs. 2B-3, C-2),

separated by vertical medial cleft, with ter-

minal sensory organ (Figs. 2B-4, C-3), lat-

eral sensory organ (Fig. 2C-4), supralateral

sensory organ (Fig. 2C-5), and pit sensory

organ (Fig. 2C-6); stomal sense organ

(Figs. 2B-5, C-7) ventrolaterad of anterior

sensory lobe and fused (Fig. D-1) with la-

teralmost of five, foliose, protrudent, lateral

integumental petals (Figs. 2C-8, D-2) dor-

sad of each mouthhook, two vertical pairs

of medial integumental petals between an-

terior sensory lobes (Fig. 2C-9); mouth-

hook (Figs. 2B-6, D-3) bidentate (Fig. 2D-

3); median oral lobe laterally compressed,

apically tapered (Fig. 2D-4), separated from

labial lobe (Fig. 2D-5); verruciform sensilla

circumscribe posterior third of gnathoce-

phalon dorsomedially, dorsolaterally, and

laterally (Fig. 2B-7); anterior spiracle with

three, subglobose papillae (Fig. 2E); minute

acanthae (Fig. 2F) posteriorly directed,

spatulate, apically rounded on anterior

fourth of meso- and metathorax venters and

circumscribing all but posterior three-

fourths of first abdominal segment (Al),

most of A2 to A6, all but posterior three-

fourths of A7, and anterior half of AS. Pos-

terior surface of caudal segment not

viewed.

The habitus of the second instar of G.

rufipes (Fig. 2A) approximates that of G.

timberlakei (Goeden et al. 1995). Differ-

ences noted include five lateral integumen-

tal petals in G. rufipes (Figs. 2C-8, D-2),

not four, as pictured for G. timberlakei

(Goeden et al. 1995). Moreover, the latter
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Fig. 2. ScLX)n(J inslar ol Goedenia ruppes. (A) hubilu.s. aiUcnui lu right; (B) gnathocephalon, frontolateral

view, 1 —minute acanthae. 2—dorsal sensory organ, 3—anterior sensory lobe, 4—terminal sensory organ. 5

—

stomal sense organ; 6—mouthhook, 7—verruciform sensilla; (C) gnathocephalon. close-up, 1 —dorsal sensory

organ, 2—anterior sensory lobe, 3—terminal sensory organ, 4—lateral sensory organ, 5—supralateral sensory

organ, 6—pit sensory organ. 7—stomal sense organ. 8—lateral integumental petals, 9—medial integumental

petals, mouthhook; (D) oral cavity of gnathocephalon, ventrolateral view, 1 —stomal sense organ, 2—lateralmost

integumental petal, 3—mouthhook, 4—median oral lobe. 5—labial lobe; (E) anterior spiracle; (F) minute acan-

thae on dorsolateral aspect of abdominal segments 1 and 2, anterior to left.
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species appears to have only a single pair

of medial integumental petals (Goeden et

al. 1995), not two pairs, like G. rufipes (Fig.

2C-9). The numbers of these integumental

petals were not quantified by Goeden et al.

(1995), but their presence and general po-

sitions were noted and pictured. Another

difference is that the anterior spiracle of the

second instar of G. rufipes bears three pa-

pillae (Fig. 2E), not two papillae, like G.

timherlakei (Goeden et al. 1995).

Third instar lan'a: Oblong-ellipsoidal,

roundly tapered anteriorly, bluntly truncat-

ed posteriorly (Fig. 3A), integument white,

but venter of meso- and metathorax with

dark brown to black infuscation (Fig. 6B);

caudal segment dark brown or black (Figs.

6B, C); outwardly or posteriorly directed,

conical, bluntly or sharply pointed (Figs.

3B-1, F-1) or hemispheroidal (Figs. 4C-1.

E-2, F-2) minute acanthae circumscribe an-

terior fourth of meso- and metathorax and

first abdominal segment (Al) and cover all

venters thereof, and circumscribe all but an-

terior and posterior fifths of A2-A5, all but

posterior quarter of A-7, and cover poste-

rior plate of caudal segment (Figs. 4D-2, E-

2, F-2); prothorax smooth, lacking minute

acanthae (Fig 3B), but circumscribed by

verruciform sensilla dorsally, dorsolaterally.

laterally, and ventrolaterally (Fig. 3B-2);

gnathocephalon conical, anteriorly flat-

tened, and medially divided by vertical cleft

(Figs. 3B-3, C). pore dorsoposteriorad of

each dorsal sensory organ (Fig. 3C-1); dor-

sal sensory organ well-defined, hemispher-

ical (Figs. 3C-2, D-1); anterior sensory lobe

(Figs. 3C-3, D) bears terminal sensory or-

gan (Figs. 3C-4, D-2), lateral sensory organ

(Fig. 3D-3), supralateral sensory organ

(Fig. 3D-4), and pit sensory organ (Fig. 3D-

5); two medial, papilliform integumental

petals (Figs. 3C-5, D-6, E-1), four, lateral,

spatulate or papilliform, integumental petals

(Figs. 3C-6, D-7, E-2) above each mouth-

hook (Figs. 3C-7, E-3), lower, lateral petal

separate from stomal sense organ (Figs. 3C-

8, D-8, E-4) ventrolaterad of anterior sen-

sory lobe; none (Figs. 3C, D), or sometimes

one, oral ridge (Fig. 3E-5) laterad of each

anterior sensory lobe; mouthhook bidentate,

anterior tooth, concave ventrally (Figs. 3E-

6); median oral lobe laterally compressed,

apically pointed (Figs. 3C-9, E-7); anterior

thoracic spiracle on posterior margin of

prothorax bears two subglobose papillae

(Figs. 3B-4, F-2); mesothoracic, lateral spi-

racular complex with six verruciform sen-

silla in vertical series (Fig. 4A-1), mesotho-

racic spiracle not seen; metathoracic lateral

spiracular complex with nearly closed, lat-

eral spiracle (Fig. 4B-1) and four verruci-

form sensilla (Figs. 4A-2. B-2) in vertical

series posterior to spiracle; lateral spiracular

complex of first abdominal segment con-

sists of nearly closed spiracle (Figs. 4A-3,

C-1) and three verruciform sensilla in ver-

tical series posterior to spiracle (Figs. 4A-

4, C-2); caudal segment with pair of pos-

terior spiracular plates (Figs. 4D-1, E-1, F)

surrounded by hemispherical minute acan-

thae (Figs. 4D-2, E-2, F-1 ) interspersed dor-

somedially, medially, and less so, ventro-

medially with open pores (Figs. 4D-3, E-3);

each posterior spiracular plate bears three,

smoothly flattened, ovoid rimae (Fig. 4F-2),

ca. 0.01 mmin length, and four spinose in-

terspiracular processes, each ca. 0.004 mm
long (Fig. 4F-3).

The habitus of the third instar of G. ru-

fipes resembles that of G. timherlakei (Goe-

den et al. 1995). In both species, the venter

of the thorax and the caudal segment are

darkly pigmented (Figs. 6C, Goeden et al.

1995) and minute acanthae circumscribe the

meso- and metathorax and abdomen, and

especially noteworthy, the posterior surface

of the caudal segment, also is dotted prom-

inently with scattered pores (Figs. 4D-3, E-

3; Goeden et al. 1995). The prothorax and

gnathocephalon of both species are smooth

and free of minute acanthae (Fig. 3C, Goe-

den et al. 1995).

Two medial and four lateral integumental

petals are present in G. rufipes (Figs. 3C-5,

-6. D-6. -7, E-1, -2); whereas, G. timher-

lakei has two medial and six lateral inte-

gumental petals (Goeden et al. 1995, un-
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Fig. 3. Third iiisiai ul Goeilcnia rujipcs: (A) habitus, anterior tt) left; (B) gnathuccphalon and prothorax,

frontolateral view. 1 —minute acanthae. 2—verruciform sensilla, 3—gnathocephalon, 4—anterior .spiracle; (C)

gnathocephalon, frontal view. 1 —pores, 2—dorsal sensory organ. 3—anterior sensory lobe, 4—terminal sensory

organ. 5—medial integumental petals. 6—lateral integumental petals, 7—mouthhook, 8—stomal sense organ,

9—median oral lobe; (D) gnathocephalon, close-up, 1 —dorsal sensory organ, 2—terminal sensory organ, 3

—

lateral sensory organ, 4—supralateral sensory organ, 5—pit sensory organ, 6—medial integumental petals, 7

—

lateral integumental petals, 8—stomal sense organ; (E) oral cavity of gnathocephalon, ventral view 1—medial

integumental petals, 2—lateral integumental petals, 3—mouthhook, 4—stomal sense organ, 5—posterior con-

cavity on anterior tooth of mouthhook. 6—median oral lobe; (F) anterior spiracle, 1 —minute acanthae, 2

—

papillae.
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Fig. 4. Third instar of Goedenia rufipes. continued, (A) lateral spiracular complexes, 1 —verruciform sensilla

on mesothorax, 2—verruciform sensilla on metathorax, 3—spiracle on first abdominal segment, 4—verruciform

sensilla on first abdominal segment, (B) 1—metathoracic lateral spiracle, 2—verruciform sensillum; (C) 1
—

lateral spiracle of first abdominal segment, 2—minute acanthae: (D) caudal segment, 1 —posterior spiracular

plates, 2—minute acanthae, 3—pores; (E) caudal segment, close-up. 1 —posterior spiracular plates. 2—minute

acanthae. 3—pores; (F) posterior spiracular plate. 1 —minute acanthae. 2—rimae. 3—interspiracular processes,

4—ecdysial scar.
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published data). The lalerahnosl integumen-

tal petals are separated from the stomal

sense organs in both species (Figs. 3C-8, D-

8, E-4; Goeden et al. 1995).

Like G. timherlakei (Goeden et al. 1995,

unpublished data), the third instar of G. m-
fipes lacks oral ridges on either side of the

mouth opening, and ventral or ventrolateral

to the stomal sense organ (Fig. 3E).

The mouthhooks of the third instars of

G. rufipes (Fig. 3E-6), like those of G. tim-

herlakei (Goeden 2001c), are bidentate;

however, the teeth of the latter species were

described as "conical"", but in the former

species the anterior tooth is concave ven-

trally (Fig. 3E-6). Unfortunately, a vertical

view of the oral cavity such as obtained for

G. rufipes (Fig. 3E), was not obtained for

G. timherlakei (Goeden et al. 1995, unpub-

lished data).

The anterior spiracle of both species

bears only two papillae (Figs. 3B-4, F; Goe-

den et al. 1995).

The lateral spiracular complex of the me-

sothorax of G. rufipes includes six verru-

ciform sensilla in a vertical series (Fig. 4A-

I ); whereas, in G. timherlakei, this same

complex includes only two verruciform

sensilla (Goeden et al. 1995). Likewise, the

metathoracic lateral spiracular complex of

G. rufipes includes four veiTuciform sensil-

la (Fig. 4A-2), but again, only two such

sensilla in G. timherlakei (Goeden et al.

1995). Finally, three verruciform sensilla in

a vertical series comprise the lateral spirac-

ular complex of the first abdominal segment

of G. rufipes (Figs. 4A-4, C-2), but only

one verruciform sensillum is found on this

segment in G. timherlakei (Goeden et al.

1995).

Differences noted between the second

and third instars of G. rufipes include the

reduction in the number of papillae on the

anterior thoracic spiracle from three (Fig.

2E) to two (Figs. 3B-4, F-2). The number

of lateral integumental petals also is re-

duced from five in the second instar (Figs.

2C-8, D-2) to four in the third instar (Figs.

3C-6, D-7, E-2). The stability of these num-

bers is questionable, and their separation as

medial versus lateral integumental petals is

problematic because more precise counts

and assessments would require consider-

ably more replication of similar views of

gnathocephala than were available to the

author.

Puparia: Light (Fig. 6D) to dark (Fig.

6E), reddish brown with dark brown to

black, anterior stripe on venter of meso-

and metathorax and similarly dark caudal

segment, elongate-ellipsoidal, with smooth-

ly rounded anterior end and truncated pos-

terior end (Fig. 5A). Anterior end bears in-

vagination scar and raised, bilobed, anterior

thoracic spiracles (not shown). Flattened

posterior end of caudal segment studded

with smoothly rounded, hemispherical, mi-

nute acanthae (Fig. 5B-1) interspersed with

open pores (Fig. 5B-2). A pair of raised,

oval, posterior spiracular plates (Fig. 5B-3)

each bear three oval rimae interspersed with

four, peg-like interspiracular processes (not

shown, see Fig. 4F and above description

of third instar for details). Ten puparia dis-

sected from flower heads of Isocoma acra-

denia averaged 2.73 ± 0.07 (range, 2.50—

3.17) mmin length; 1.15 ± 0.04 (range,

1.05-1.31) mmin width.

Distribution and Hosts

To date, Goedenia rufipes only is known
from southern California and southwestern

Arizona north of Mexico (Foote et al.

1993); however, it probably ranges well

into Mexico attacking flower heads at least

of Chrysothamnus teretifolius and Isocoma

acradenia. The former host is newly re-

ported (Goeden 1987, Foote et al. 1993).

Both of these confirmed hosts are Astera-

ceae belonging to the subtribe Solidagini-

nae of the tribe Astereae (Bremer 1994).

Accordingly, G. rufipes probably is a nar-

rowly oligophagous tephritid, that to date

has not been reared by me from flower

heads of several other species of these two,

common and widespread, plant genera.

Chrysothamnus teretifolius occurs on rocky

slopes and flats from 600 to 4,000 m in Cal-
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Fig. 5. Puparium of Goedenia rufipes: (A) habitus,

anterior to left, (B) caudal segment, 1 —minute acan-

thae, 2—pores, 3—posterior spiracular plates.

ifornia to southern Nevada and northwest-

ern Arizona (Hickman 1993), including the

higher parts of the Lower Sonoran Zone

and arid, lower margins of the Upper Son-

oran Zone as delimited by Shreve and Wig-

gens (1964). Isocoma acradenia occurs on

sandy or clay soils in alkaline or gypsum
flats or slopes below 1,300 m in California,

Arizona, Nevada, and Baja California,

Mexico (Hickman 1993).

Biology

Egg. —Eggs of G. rufipes are inserted

singly, pedicel-last, parallel to the long axes

of and between the outer phyllaries of

closed, preblossom flower heads of /. acra-

denia.

Larva. —Upon eclosion, the first instar

tunneled immediately through the inner

bracts and into an ovule of a preblossom

flower head. It fed with its body perpendic-

ular to and its mouthparts toward the recep-

tacle within an ovule, which it first exca-

vated, then exited and entered an adjacent

ovule. The receptacle was neither abraded

or pitted by such feeding.

Second instars (Fig. 6A) mainly contin-

ued feeding on ovules in closed, preblos-

som flower heads, but a few were found

feeding on soft achenes in open, blossom or

postblossom flower heads (Fig. 6A). They

usually fed within the ovules or achenes

with their bodies perpendicular to the re-

ceptacles, but always above the receptacles.

Receptacles of 10 flower heads containing

second instars averaged 1.45 ±0.12 (range,

0.85-1.99) mmin diameter. These 10 flow-

er heads each contained a single larva that

had damaged an average of 3.2 ± 0.6

(range, 1-6) ovules/achenes, or about 28%
of the average total of 11.6 ± 0.8 (range,

7-14) ovules/achenes per flower head

counted within the 10 flower heads. How-
ever, more than 600 uninfested flower heads

were individually dissected in order to lo-

cate these 10 (1.7%) flower heads infested

with second instars.

Third instars in flower heads fed with

their long axes oriented perpendicular to the

receptacles, and with their mouthparts di-

rected towards the receptacles, that they

usually scored or pitted deeply (Fig. 6B, C).

Fifty flower heads (three, closed preblos-

som; six, open blossom; 41 postblossom)

were dissected that contained an average of

1.3 ± 0.1 (range, 1-4) third instars. These

55 flower heads averaged 1.8 ± 0.05

(range, 1.1-2.9) mmin diameter and con-

tained an average total of 13.9 ± 0.4 (range,

8-20) ovules/achenes, of which on average

7.1 ± 0.5 (range, 1-15) ovules/achenes

were damaged or —51%. However, well

over 1,000 flower heads were individually

dissected to locate these 55 infested flower

heads. Receptacles that consistently were

pitted suggested that sap constituted at least

part of the diet of third instars of G. rufipes.

Goeden (1988), Headrick and Goeden
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(1990), Goeden and Headrick (1992). Goe-

den et al. (1993. 1995), Headrick et al.

(1996). Goeden and Teerink (1997) first

noted, described, and discussed sap feeding

by florivoroLis species of Tephritidae in the

genera Trnpanea, Paraccmtha, Neaspiloici,

Tcphritis. Goedenia (as Urophoni), Dioxy-

lui. and Xenochaeta, respectively. Upon
completing feeding, the larvae oriented

with their anterior ends away from the re-

ceptacles, retracted their mouthparts, and

formed puparia (Figs. 6D. E).

Pupa. —The receptacles of nine flower

heads that contained an average of 1.3 ±
0.2 (range. 1-2) puparia (Figs. 6D, E) av-

eraged 1.9 ± 0.1 (range, 1.4-2.3) mmin

diameter. The receptacles were deeply pit-

ted in all nine flower heads, further con-

flrming that sap constituted part of the diet

of third instars. The posterior end of the

puparium rested in the smooth cup-like de-

pression and the middle and anterior part of

the puparium was surrounded by excavated

floret fragments that formed a close, central

cell not glued to the puparium.

Adult. —The premating and mating be-

haviors of G. rufipes were not studied in the

held, but were observed in petri dish arenas

of the type found to be useful with many
other nonfrugivorous. tephritid species

(Headrick and Goeden 1994). The wings of

both sexes were held away from the body

at about 45° without supination when at rest

(Fig. 6F). Both sexes exhibited wing ha-

mation (Headrick and Goeden 1994)

throughout the day concunent with other

behaviors, i.e.. grooming, resting, and feed-

ing; this also was the most common wing

inovement reported for G. timheiiakei

(Goeden et al. 1995). Premating behaviors

observed with G. rufipes included males

and females tracking individuals of the op-

posite sex, during which males sometimes

swayed and usually exhibited abdominal

pleural distension (Fig. 6F). The male ag-

gressively mounted a female by jumping

upon her, usually from the front, then turn-

ing and forcefully grasping her wing bases,

thoracic pleura, and aculeus for purchase.

while the female usually struggled, resisted

his attempts to part her wings, and pushed

against the male with her hind legs and tar-

si. The males countered by grasping and

raising the oviscape with the mid- and hind

tarsi, while positioning the apex o^ the ex-

serted aculeus of a receptive female against

his epandrium. Nonreceptive females did

not exsert their aculeus or pressed the ex-

serted aculeus against the substrate so as to

hinder or prevent proper positioning by

males. But if receptive, the female allowed

the male to raise her oviscape and extended

her aculeus to its full length in reponse to

his copulatory induction behavior C'CIB";
Headrick and Goeden 1994. 1999). The
CIB mainly consisted of the male rapidly

rubbing his hind tarsi, back and forth, along

her oviscape. The final mating position

commonly had the wings of the male parted

at about 20° (Fig. 6H). the wings of the fe-

male parted at 60° (Figs. 6G, H), with both

pairs of wings centered over the midlines

of the flies (Figs. 6G, H). The foretarsi of

the male grasped the dorsum of the abdo-

men of the female laterally at the thoracic

juncture, the midtarsi grasped the oviscape

at its base, and the hindtarsi crossed under

the oviscape or occasionally rested on the

substrate (Fig. 61). The body of the female

paralled the substrate with the oviscape

raised about 30°, while the extended acu-

leus pushed the male upward and backward

(Fig. 61). Five pairs were observed to mate

once or twice per day for a total of nine

matings that lasted an average of 96 (range,

20-285) min. Females became restless be-

fore termination of mating by pushing

against the males with their hind tarsi, by

lofting their wings so as to push them

against the males, and by fully extending

their aculeus. The male in turn countered

this behavior with CIB, rocked from side to

side to regain purchase or to avoid the fe-

male's pummeling, and sometimes rapidly

vibrated his wings, all of which appeared to

calm the female and allow coitus to contin-

ue. Females sometimes walked about the

arenas carrying the males while remaining
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Fig. 6. Life stages of Goedeiiia rufipes (A-E in flower heads of Isocoma acradenia): (A) second instar

(arrow) feeding on floret; (B) third instar (arrow) feeding deeply in receptacle of flower head; (C) third instar

showing dark, ventral infuscation (arrow); (D) newly formed, light brown puparium (arrow); (E) dark overwin-

tered puparium (arrow); (F) ventral view of adult male with wings in resting position with inflated abdominal

pleura; (G) mating pair, dorsal view; (H) mating pair, ventral view; (I) mating pair, lateral view. Lines = 1 mm.
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in copula. One male was observed to at-

tempt mating with a newly dead female

continuously for 5 h. Separations of three

other pairs were observed, during which the

male initially moved slightly forward while

pulling the aculeus vertically upward, then

rapidly turned and laterally walked off the

female, and quickly posteriorly away from

the female, while pulling free his genitalia.

The separation of one pair took 15 s.

Seasonal history. —The life cycle of G.

nifipes in southern California follows an

aggregative pattern (Headrick and Goeden
1994, 1998) in which the third instar, pu-

parium, and some adults variously are the

overwintering stages. Adults emerge from

some of the puparia formed in late-fall, ear-

ly winter (October-December) and these

unmated, sexually immature adults over-

winter. The remaining, nonfeeding third in-

stars, prepuparia, and puparia overwinter in

dead flower heads remaining on dormant

Chrysothamnus teretifolius and Isocoma

acrodenia. These overwintered individuals

emerge as adults in late winter (February-

March) and either aggregate on one or

more, as-yet-unknown, spring blooming, al-

ternate hosts to mate and produce an as-yet-

undetected spring generation. Or, the over-

wintered and newly emerged adults contin-

ue to pass the following spring and summer
(April-August), possibly still as non-repro-

ductive individuals feeding in mountain

meadows and riparian habitats bordering

the low-elevation, Sonoran Desert. They
eventually aggregate on preblossom. fall-

blooming, C. teretifolius and /. acradeuia,

mate, and subsequently oviposit in the

small, newly-formed, closed, preblossom

flower heads.

Natural enemies. —Fourteen Eurytoma

sp. (Hymenoptera: Eurytomidae) and 12

Pteromcdus sp. (Hymenoptera: Pteromali-

dae) were reared from separate puparia of

G. rufipes as solitary, larval-pupal endopar-

asitoids. Two Eupelmus sp. (Hymenoptera:

Eupelmidae) also were reared from insec-

tary cagings of mature flower heads as pos-

sible solitary endoparasitoids, as reported

from G. tind)erlakei by Goeden el al.

(1995).
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